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Abstract

Background: Intracranial arterial calcifications (ICAC) are common findings in computed tomography of stroke
patients. They comprise 2 distinct entities: intimal arterial calcifications (IAC, associated with atherosclerosis)
and medial arterial calcifications (MAC, related to arterial stiffening). Differentiation between these subtypes
may have prognostic and therapeutic relevance. Material and methods: We searched the PubMed, Scopus and
Google Scholar databases for studies published between 1995 and 2023. Articles addressing pathophysiology,
imaging characteristics, risk factors, ethnic distribution, scoring methods and clinical outcomes of ICAC in adult
stroke populations were included in this narrative review. Results: IAC appear as eccentric, irregular calcifications
and are strongly linked to atherosclerotic plaques and thrombotic risk. MAC present as concentric, continuous
calcifications reflecting medial degeneration and increased arterial stiffness, often promoting collateral forma-
tion. ICAC are highly prevalent in the elderly and stroke patient populations. Some studies suggest better treat-
ment response in patients with predominant MAC, although the findings remain inconsistent. Conclusions: IAC
and MAC differ in pathophysiology, risk profiles, and potential clinical implications. Standardised differentiation
may improve risk stratification and individualised stroke management.
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Abbreviations

e  CT-computed tomography

e CTA - computed tomography angiography
e HT - hemorrhagic transformation

e |AC-intimal arterial calcifications

e ICA—internal carotid artery

e ICAC—intracranial arterial calcifications

e |EL—internal elastic lamina

e |VT —intravenous thrombolysis

e  MAC - medial arterial calcifications

e mRS - modified Rankin Scale

e NIHSS — National Institute of Health Stroke Scale

Introduction

Intracranial arterial calcifications (ICAC) are frequently
detected on computed tomography (CT) of stroke patients,
yet their biological and clinical significance remains un-
clear [1]. There is increasing evidence that calcifications are
not a uniform entity but can be divided into intimal and medi-
al subtypes, which differ in pathophysiology, risk factors, he-
modynamic effects and clinical outcomes [2-3]. Unfortunately,
many studies still analyze ICAC as a single phenomenon, thus
masking the prognostic differences [4]. This narrative review
summarizes the mechanisms, classification, epidemiology, as-
sessment, and clinical relevance of ICAC in stroke.

Material and methods

We conducted a narrative literature review to summarize
the evidence on arterial calcifications and their clinical rele-
vance in stroke. We searched the PubMed, Scopus, and Goog-
le Scholar databases for articles published in English language
between 1995 and 2023. The following keywords were used:

” o ”ou

“intracranial arterial calcification”, “intimal calcification”, “me-

”ou

dial calcification”, “Monckeberg sclerosis”, “internal elastic
lamina calcification”, “stroke”, “risk factors”, “Agatston score”,
“Woodcock score”, and “Kockelkoren score”. Articles were dis-

cussed by all authors and assigned to one or more sections.

No summary of appraisal of the articles was prepared, but
notes were added in the text if articles contradicted each
other or had different levels of evidence. Original articles ad-
dressing pathophysiology, risk factors, imaging assessment
and clinical outcomes of intracranial calcifications in adult
populations were included. Case reports, editorials, confer-
ence abstracts and studies unrelated to intracranial vessels
were excluded. Additional articles were included in the final
review after the authors’ suggestions.

The PubMed search yielded 49 results, whereas in Scopus
we found 57. After removal of 42 duplicates we had a total of
64 full-text articles. Google Scholar was used to find articles
connected to those found in PubMed and Scopus (and within
the scope of this review). This way we found 30 additional ar-
ticles. We excluded a total of 51 articles and 43 articles were
included in the final review.

Classification

In this review, we divided ICAC into 2 groups: intimal ar-
terial calcifications (IAC, calcifications in the tunica intima)
and medial (Monckeberg’s) calcifications in the tunica media.
Some authors distinguish internal elastic lamina (IEL) calcifi-
cation as a separate type [2, 5]. Due to similar etiology and
hemodynamic consequences to medial calcifications, in this
review we considered medial calcifications and IEL as a single
group: medial arterial calcifications (MAC) [3].

Both types of calcifications differ not only in pathophysi-
ology but also in their prevalence, localization, risk factors and
influence on hemodynamics. IAC are more frequently (79.8%)
associated with atherosclerotic plaques than MAC [4]. The
IAC-associated plaques are eccentric and associated with lu-
minal stenosis and intraplaque hemorrhage [4]. IAC is also
highly clustered and thick in CT imaging [3]. Although MAC
are considered independent of atherosclerosis, about 64.5%
coexist with atherosclerotic plaques and have a strong predi-
lection for lower limb arteries [4, 6]. In CT imaging, they pres-
ent as circular, thin, continuous patterns, distinguishing them


https://ejtcm.gumed.edu.pl/articles/224887

from IAC [3]. On ultrasonography calcifications appear as hy-
per-echoic spots or arches, typically with abluminal acoustic
shadowing [6] (Figure 1).

In the elderly population the prevalence of ICAC is 82%,
they were more common in patients who suffered ischemic
stroke (76-82%) than in non-ischemic stroke patients [7-9].
The most common locations of intracranial vascular calcifica-
tions include the internal carotid artery (ICA, 60-72.9% of all
cases), followed by the vertebral artery (20%), middle cere-
bral artery (5%), and basilar artery (5%) [8-9]. The degree of
ICA calcification varies, as the cavernous and supraclinoid to
ophthalmic segments appear to be most affected (respec-
tively 37.9% and 34.2%) [4]. Although IAC are generally more
prevalent in intracranial arteries (61.5% of ICAC are predom-
inantly in the ICA) [4], they are less common in the walls of
intracranial part of ICA (30.9% to 43.7% of lesions), whereas
MAC account for 46.9% to 56.3% [5, 10-11], while accounting
for 38.5% of overall intracranial calcification. Regarding ICA,
both calcification types affect predominantly its cavernous
(IAC 34.3%, MAC 43.5% of ICAC) and supraclinoid to ophthal-
mic part (IAC 30.3%, MAC 40.3%) [4].

Both types of ICAC have different effects on hemody-
namics. While current stroke management is not directly
determined by ICAC subtype, differentiation between these
patterns may contribute to differences in prognosis and risk
stratification. Stroke treatment should focus on the patient’s
underlying risk factors and ICAC type may be considered as
supporting evidence to target those factors. IAC are associat-
ed mostly with atherosclerotic lesions, but their role in plaque
stability is unclear [12-13]. Some authors claim that the en-
dothelium of ICA affected predominantly by IAC may be more
prone to damage, thus more often resulting in plaque disrup-
tion and thrombosis [1]. MAC influences intracranial circula-
tion mostly via impairment of elastic fibres within arteries,
causing arterial stiffening, leading to lowered compliance,
distensibility, higher pulse pressure and higher pulse wave ve-
locity [2-3, 12, 14]. These changes impair distal microcircula-
tion and promote collateral formation [10, 15]. The presence
of collateral pathways in patients with MAC may be the main
reason why this group of patients has better treatment out-
comes [10, 15] (Figure 1).

Epidemiology and ethnic distribution

Ethnicity is not a confirmed and independent risk factor
for ICAC, although population-based differences in its preva-
lence and distribution have been reported. Current evidence
suggests that ICAC and intracranial atherosclerosis are more
frequently observed in Asian, Black, and Hispanic populations
than in White populations of European descent. Sacco et al.
demonstrated that Hispanic and Black populations had a high-

00

Intimal and medial intracranial arterial calcifications...

er frequency of strokes related to atherosclerotic changes in
cerebral vessels [16]. The authors also noted a higher preva-
lence of diabetes and hypercholesterolemia in these groups.

Similar observations were reported by Gorelick et al., who
found the highest prevalence of ICAC in the United States
among Asian stroke patients, followed by Hispanic and Black
populations, whereas White American populations showed
the lowest prevalence [17]. These findings are consistent with
data from the Northern Manhattan Stroke Study [16]. Fote et
al. also reported increased ICAC prevalence in African, Asian,
and Hispanic populations compared with White popula-
tions [18]. Several population-based studies further support
these observations. Chen et al. studied 490 patients of various
ages and nearly 70% of Asian participants demonstrated a sig-
nificant ICAC burden [19]. In contrast, Olatuniji et al. examined
130 predominantly elderly African participants and found
ICAC in nearly all individuals included in the study [20]. Over-
all, the frequency of ICAC across ethnic groups remains insuf-
ficiently investigated because the available studies differ sub-
stantially in patient selection and methodology.

The intracranial segment of the internal carotid artery
(ICA) is the most common location of calcification in all stud-
ied populations, accounting for approximately 80% of cases.
Bos et al. demonstrated a high prevalence of ICAC in an el-
derly White European population from Rotterdam, affecting
almost all of the nearly 3000 examined participants [7]. How-
ever, studies comparing populations suggest that the bur-
den of intracranial ICA calcification may be highest in African
populations, intermediate in Asian populations, and lowest in
White populations [9-10, 21].

Although ethnic differences in ICAC prevalence have been
observed, the underlying causes remain unclear. Variations
between populations are likely influenced not only by genetic
background but also by socioeconomic conditions, healthcare
access and the prevalence of vascular risk factors. Further re-
search is necessary to better understand the relationship be-
tween ethnicity and intracranial arterial calcification.

Risk factors

Several factors listed in Table 1 (e.g. diabetes, older age,
hypertension and female sex) had inconsistent associations.
Tobacco smoking seems to have a more substantial impact on
IAC. Meanwhile, variables such as history of vascular diseas-
es, myocardial infarction, atrial fibrillation and heart failure
appear to be more specific to MAC. These findings suggest
partially overlapping but distinct risk profiles, with different
underlying mechanisms driving calcification in these arterial
layers.
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Scoring methods

CT-based scoring methods help assess calcifications and
the most widely used are the Agatston, Woodcock, modified
Woodcock, and Kockelkoren scores. The Agatston score is
a software-calculated calcification score weighted by the peak
density of each plaque and can also deliver a calcium volume
measured in cubic millimeters [22]. Although developed to
measure the calcium contents in coronary arteries, it is also
capable of calculating ICAC. A higher Agatston score based
on total calcium score correlates with more severe calcifica-
tion of the artery and higher risk for a major adverse cardiac
event [23].

Woodcock and modified Woodcock scores are visual
scoring methods. The Woodcock score, which considers ICA
syphon calcification, determines the closest-fitting category
based on the severity of the lesion [23-24]. The Woodcock

method has demonstrated strong inter- and intra-rater agree-
ment and is simpler and faster than some of the previously
described visual methods [21, 23, 25-34].

Modified Woodcock Visual scoring allows more precise
evaluation of calcification burden in each ICA without sac-
rificing speed or practicability. A number is assigned to the
severity of the calcification on each axial CT, ranging from
0 to 3 [23]. Although the modified Woodcock visual score
correlated strongly with the Agatston score, the study by Xin-
Wei He et al. showed a lack of correlation between the ICA
modified Woodcock calcification score and the prognosis of
patients with acute ischemic stroke after intravenous throm-
bolysis [35].

The Kockelkoren score differs from those mentioned
above, as it is a tool useful in distinguishing between inti-
mal and medial calcification dominance in the intracranial
ICA [36]. Scoring was not automatic but based on the raters’

Table 1. Risk factors for IAC and MAC. Calcification of the intima of arteries is strongly associated with atherosclerosis, whereas calcifi-
cation of media with arterial stiffness and higher pulse pressure [26].

Risk factor

Associated
with IAC

Associated
with MAC

Evidence and notes

Older age was associated with both IAC and MAC by
several studies [10-11, 14, 23-24]. Only Vos et al. [11]

Older age '§ e and Gollke et al. [23] confirmed this relationship for IAC,
and both specifically differentiated calcification type.
Several studies showed stronger association with MAC

Female sex No Possible [10-11, 14], although Gollike et al. [23] did not find such
connection.

Hypertension Yes [10, 23] | Yes [9] Larger studies suggest a stronger relationship with IAC

[11, 23].

disease

Diabetes mellitus | Yes [23] Yes [9-10, 24] | Conflicting findings; mechanism remains unclear.

High pulse

pressure and high | No Yes Linked to MAC [2-3, 11-12, 14, 25].

arterial stiffness

Smoking Yes No Cons_lgtently I|nke_d to IAC [11, 23], suggesting intimal-
specific pathogenic role.

History of vascular No Yes Single-study finding [11]

disease 9 Y 9 ’

Myocardial . B -

infarction No Yes Single-study finding [10].

Atrial fibrillation No Yes Single-study finding [14].

Heart failure No Yes Single-study finding [14].

Chronic kidney Yes Yes Several risk factors related to MAC (hyperphosphatemia,

hypercalcemia) also contribute to IAC [3, 26].




ability to detect and grade calcifications. Interrater reliabili-
ty and agreement for the overall score were 0,72 (Cl: 0,60-
0,84) and 0,82 (Cl: 0,73-0,89) [3]. Scoring was performed
by raters with 2 and 3 years of experience in reading CT. It
should be noted that small or subtle lesions frequently pro-
duce “indistinguishable” patterns and remain “unclassified”.
Calcifications were scored as “indistinguishable” mainly when
presented as scarce dots of calcification, whose morphology
cannot be assessed reliably [37].

Subedi et al. reported that semiautomated and vol-
ume-based scoring methods (e.g. the Agatston score) are
more reliable for stroke prognosis than the simpler visual
scoring methods (e.g. the Woodcock score) [23]. He et al.
demonstrated that the modified Woodcock calcification score
lacks a meaningful correlation with stroke outcomes, limiting
its clinical utility [35]. In comparison, the Agatston and Kock-
elkoren scores showed promising results in risk assessment
accuracy, with the latter being able to distinguish between
calcification patterns.

Advanced imaging methods such as high-resolution ves-
sel wall imaging in (HR-VWI) MRI or computed tomography
angiography (CTA), may help in distinguishing calcification
subtypes by enabling more precise visualisation of ICA and
their walls. HR-VWI allows for image acquisition at submil-
limeter spatial resolution which improves diagnostic preci-
sion [38]. CTA is older than HR-VWI, but several scoring meth-
ods have been developed to assess calcifications: visual scor-
ing, semiautomatic volume measurements and more recent-
ly, the deep-learning U-net approach (although it was tested
on coronary arteries only) [35, 39].

Risk of stroke and recurrent stroke

Some authors report that higher calcification volume in-
creases the risk of stroke [5, 40-41]. Bos et al. reported that
a larger volume of ICAC correlated with a larger amount of
white matter lesions in CT and a higher risk of brain infarct [42].
A similar connection was found in the Rotterdam study,
whose authors claimed that ICAC may contribute to ~75% of
ischemic strokes [43]. An association was also found between
ICAC and the type of ischemic stroke: higher calcium volume
in ICA was correlated mostly with lacunar infarcts [40].

A meta-analysis of 8 longitudinal studies involving 7297
adult patients undergoing CT or CTA demonstrated that the
presence of ICAC was significantly associated with an in-
creased risk of stroke incidence or recurrence (OR = 1.54; 95%
Cl 1.06-2.24) [45]. Moreover, a higher calcium burden was
also positively correlated with stroke risk (OR = 1.31; 95% ClI
1.17-1.46). These findings suggest that both the presence and
severity of ICAC may serve as important prognostic markers
for stroke risk [44]. Data on recurrent ischemic stroke in rela-
tion to calcifications is limited. Wu et al. estimated the risk of
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stroke recurrence as 22.5% [2]. Similar results were achieved
in a cohort study done by Ovesen et al., where stenosis of
30% or greater was an independent risk factor for recurrent
ischemic event [45].

Larger vascular calcification volume was related to a high-
er risk of post-stroke mortality and increased risk of hemor-
rhagic transformation after thrombolysis [2]. Authors also
stated that a higher number of calcified vessels was associat-
ed with poor prognosis [12]. In patients with small-vessel oc-
clusive stroke, the IAC Agatston score was found to be associ-
ated with a higher risk of stroke recurrence [2]. Some authors
claim that there is no correlation between overall intracranial
vascular calcification burden and risk of stroke. De Weert et
al. compared the calcification volume in the ICAs ipsilateral to
the symptomatic and asymptomatic hemispheres, however,
they found no significant difference [46]. Babiarz et al. did not
show any statistically significant correlation between calcifica-
tion of the cavernous part of ICA and infarcts [47].

Stroke severity

Pektezel et al. reported that intracranial ICAC is particular-
ly frequent among patients with intracerebral hematoma due
to hemorrhagic stroke [14]. They also suggested that MAC
may be associated with acute hematoma expansion, hospital
mortality and poor prognosis. The mortality rate was higher
in intracerebral hematoma patients with contralateral MAC
in comparison to those with IAC and no ICAC. Nevertheless, it
remains unclear whether ICAC is a direct predictor of a worse
outcome. Although in univariate analysis the presence of MAC
in both ipsilateral and contralateral sides was associated with
poorer prognosis, in different logistic modeling only 2 param-
eters measured upon admission (the volume of hematoma
and NIHSS) were found to be negative predictors of prognosis.

Yu et al. concluded that the increase in calcification vol-
ume on the ipsilateral side results in a significant increase in
the risk of hemorrhagic transformation [12]. Moreover, the
risk of poor prognosis after 3 months is increased for each ad-
ditional number of calcified vessels. NIHSS, calcification vol-
ume on the ipsilateral side, overall calcification volume and
the number of calcified vessels, were all significantly higher in
the hemorrhagic transformation group than in the rest of the
patients in the study.

A meta-analysis conducted in 2025 showed an association
between ICAC and poor functional outcome at 3 months [48].
Nevertheless, the data from the included studies were sub-
optimal, with a variation in the reporting of outcome meas-
ures and follow-up of subjects [48]. Wu et al. found that ICAC
is @ meaningful risk factor for recurrent stroke, and post-
stroke mortality [2]. Patients with higher Agatston score had
an increased risk of recurrent stroke independent of cardio-



00 Eur J Transl Clin Med 2026;9(2):00-00

vascular risk factors and independently related to a higher risk
of post-stroke mortality.

Impact on cognitive function and out-
comes

Studies suggest that ICAC is associated not only with
a higher risk of stroke and worse functional outcomes after
treatment, but also with a higher risk of cognitive decline and
dementia. Bos et al. found that larger CT-assessed calcifica-
tion volume is related to smaller white matter volumes and
worse microstructural integrity, which may explain poorer
cognitive performance in the studied population [49]. In their
prospective cohort study, Seyman et al. used a study-specif-
ic semiquantitative intracranial calcification score (unlike the
Agatston, Woodcock, modified Woodcock, or Kockelkoren
scores discussed above), which independently predicted cog-
nitive deterioration 24 months after the stroke in the stud-
ied population of mild stroke survivors with intact cognition,
which may suggest the potential role of ICAC as a predictor of
future post-stroke cognitive impairment [50].

Clinical outcome of treatment after acute
ischemic stroke

Some researchers suggest that the specific pattern of in-
tracranial carotid artery calcification may play a role in treat-
ment outcomes. In a recent prospective study, intravenous
thrombolysis (IVT) was associated with a significantly more
favourable clinical outcome in the group without ICAC and in
the group with a MAC pattern, but not in the group with an
IAC or “indistinguishable” ICAC pattern [15]. In the MR CLEAN
subgroup analysis, patients with predominantly medial calci-
fication showed better functional outcome of endovascular
treatment, compared to patients with IAC [10]. Several mech-
anisms have been suggested. Calcification of the medial layer
leads to arterial stiffening and, consequently, to increasing
pulse pressure, which causes impaired regulation of blood
flow distally to the calcification site. Consequently, this may
lead to an impaired distal microvascular cerebral perfusion
and may trigger the formation of collateral vessels [10, 15].
Another reason could be the differences in the thrombus be-
tween patients with intimal and medial calcifications, which
may result in less effective IVT in patients with predominantly
IAC [10]. However, there are studies that showed no correla-
tion between ICAC and prognosis after IVT in acute ischemic
stroke [47].

Assessment of the secondary outcome of IVT also shows
ambiguous results. One study found that the follow-up in-
farct volume or intracranial hemorrhage was not significant
for any of the ICAC pattern and the effect on recanalization
was only significant in the group with a predominantly MAC

pattern [15]. HT is a major complication of intravenous throm-
bolysis, which can greatly deteriorate the patient’s prognosis.
The correlation between intracranial calcification and HT re-
mains unclear. A 2013 study showed that a significantly higher
percentage of patients with moderate to severe ICAC devel-
oped intracerebral hemorrhage following IVT [46]. In a study
from 2018, which was the first to examine the relationship
between ICAC subtypes and the response to thrombolysis,
patients with MAC had a higher risk of HT and worse reactiv-
ity to thrombolytic drugs compared to patients with IAC [48].
Another study suggested that the higher calcification volume
on the lesion side was significantly associated with a higher
risk of HT after IVT [12]. The pathophysiologic explanation of
these results could be the worsening of vascular elasticity,
causing damage to vascular autoregulation. In the presence
of ischemic lesions, this could lead to higher hydrostatic pres-
sure in the capillary bed, resulting in blood-brain barrier leak-
age and HT [12].

Beyond IVT and endovascular treatment, differentiation
between intimal and medial intracranial arterial calcifications
may also have implications for long-term secondary preven-
tion after ischemic stroke. Since IAC is strongly associated
with intracranial atherosclerosis, plaque burden, and throm-
botic risk [1, 4, 11], patients with predominant IAC may ben-
efit from intensive vascular risk-reduction strategies similar
to those recommended in current guidelines for symptomat-
ic intracranial atherosclerotic disease, including aggressive
medical management based on antiplatelet therapy, intensive
lipid lowering, strict blood pressure control and management
of vascular risk factors [49]. In contrast, MAC is more closely
associated with arterial stiffness, impaired vascular compli-
ance, and altered cerebral hemodynamics, suggesting that
optimising blood pressure control and preserving cerebral mi-
crovascular perfusion may be particularly relevant for these
patients [3, 10, 15]. Unfortunately, current evidence remains
insufficient to support calcification pattern-guided therapeu-
tic strategies, and further prospective studies are needed to
determine whether differentiation between IAC and MAC
should influence individualised stroke prevention and treat-
ment approaches.

Our review demonstrated that the relationship between
ICAC and the clinical outcome of IVT and/or endovascular
treatment after acute ischemic stroke has not been explored
fully. Some studies suggest the pattern of ICAC may be a fac-
tor determining the primary clinical outcome, as well as the
risk of HT and prognosis after IVT. Further exploration of this
topic may bring valuable results and create new prognostic
markers for the selection of patients for IVT or requiring strict-
er observation.
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of calcifications. Researchers should adhere to a unified clas-
sification distinguishing IAC from MAC, e.g. the Kockelkoren

Studies indicate that ICAC are associated with a higher
risk of intracranial hemorrhage, greater hematoma volume,
hemorrhagic transformation after IVT, and worse clinical out-
comes, suggesting that ICAC presence should be considered
during acute stroke management. There is a lack of com-
parative studies that assess this risk in relation to patients
without calcifications. Multicenter randomized or large reg-
istry-based studies would provide the statistical power nec-
essary to determine whether calcification subtypes should
guide patient selection for IVT or mechanical thrombectomy.
In ethnically diverse countries, it seems reasonable to con-
duct research and treatment considering the increased risk
in certain groups. These differences may arise from genetic
and environmental factors. Future studies should account for
socioeconomic confounders when assessing ethnic differenc-
es. Standardized criteria should be created for measurement

score. Complementary use of the Agatston score for quantify-
ing overall calcification burden is recommended, as it demon-
strates superior prognostic reliability compared to visual
methods. Comparative studies are necessary to select the
optimal method for specific clinical situations.
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